Abstract This study used a modified version of the Behavioral Model for Vulnerable Populations to examine the predisposing, enabling, and need factors associated with detectable viral load (VL). HIV status was measured using saliva and confirmed by blood. Of 797 persons enrolled, 193 were HIV positive and provided VL counts. A hierarchical multivariate logistic regression approach demonstrated that the predisposing factors of homelessness and recent substance abuse, particularly methamphetamine abuse, had a negative association with VL. The negative association of homelessness on VL was weakened with the introduction of enabling and need utilization factors. Mediation analysis indicated homelessness and HIV medication taking significantly associated with methamphetamine use as a predictor of detectable viral load. Guided policy to address substance abuse among those who are HIV positive is needed to improve biological outcomes.
Introduction
Although tremendous gains have been made in the treatment of human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), disparities in access and subsequent receipt of care continue to be documented (Cunningham et al. 1995 (Cunningham et al. , 1998 King et al. 2004 ). The face of HIV has changed from the early 1980s and is now reflective of the intercalation of poverty and disease (CDC Factsheet 2006; Cunningham et al. 2005; Diaz et al. 1994; Krueger et al. 1990 ). Individuals living in poverty are disproportionately affected both by unstable housing and substance use, which are contributors to lower access to and utilization of medical care (Katz et al. 2001; Kushel et al. 2001 Kushel et al. , 2006 Martens 2001; Strathdee et al. 1998 ). These same factors correlate with transmission of HIV and represent possible contributors to HIV prevalence among the homeless that is three times that of the general population (Culhane et al. 2001) .
Treating persons with multiple diagnoses (HIV, drug abuse, mental illness) is complicated-Not only because of the independent and synergistic disease processes but also because of disparate access to care, limited or no insurance, and unmet subsistence needs (e.g., food, transportation, child care; Cunningham et al. 1999) . When homelessness, i.e., persons without stable or permanent housing who may live on the streets, in a shelter or mission, single room occupancy facility, abandoned building or vehicle or ''doubled up'' with friends or family members (DHHS/HRSA 1999) is added to the equation, outcomes of HIV treatment can be even more compromised (Waldrop-Valverde and Valverde 2005) .
The Behavioral Model for Vulnerable Populations Gelberg et al. 2000) provides a theoretical framework for analyzing health care utilization within vulnerable populations. The model can be used to demonstrate that utilization of health care and subsequent outcomes can be explained by: (1) Variables that predispose persons to use care such as demographics and social structure; (2) variables that enable or create barriers to care such as income, insurance, and (3) variables that describe the need for health care determined by individual perception or medical professional evaluation. The Andersen/ Gelberg model has been well represented in assessing homeless persons' health care utilization and outcomes (Barkin et al. 2003; Herndon et al. 2003; Kim et al. 2006; Lewis et al. 2003; Stein et al. 2000) and has been used to predict the treatment of HIV-positive individuals with highly active antiretroviral therapy (HAART) .
HAART has reduced morbidity and mortality from HIV (Crum et al. 2006) . Adherence to HAART is important as missed dosages can affect viral replication and can lead to drug resistance (Ho et al. 1995; Low-Beer et al. 2000) . Several studies indicate that factors such as current substance use and unstable housing impede medication adherence and viral suppression (Arnsten et al. 2002; Duran et al. 2001; Knowlton et al. 2001; Lucas et al. 2001; O' Connell et al. 2003; Pulvirenti et al. 2003; Turner et al. 2001) , leading to more likely transmission of multidrug resistant strains of HIV (Little et al. 2002) .
Due to the limited choice in remaining antiretrovirals for treatment, transmission of resistant HIV has both individual and community health implications. Prior studies on homelessness and HIV seropositive individuals have largely focused on the impact of homelessness and dual diagnoses on utilization of services (Gordon et al. 2006; Kim et al. 2006; Moss et al. 2004) . Missing in this work is the extent to which predisposing, enabling and need factors predict successful outcomes from HIV medical care, such as achieving viral load levels that are undetectable.
This manuscript analyzed survey and clinical data from a respondent-driven sample of individuals in Los Angeles County whose behaviors (i.e., being men who have sex with men, drug use) place them at the core of the HIV epidemic. The core refers to a group whose demographic, geographic, and behavioral characteristics contribute to their disproportionate role in the transmission of sexually transmitted infections (Yorke et al. 1978) . The objective of this paper is to apply the Behavioral Model for Vulnerable populations to a subset of HIV-seropositive participants enrolled in a larger study to identify factors associated with undetectable viral load. We hypothesized that introducing predisposing vulnerable factors identified in the literature such as homelessness, substance use, and mental illness, would have a negative association with the clinical outcome of viral load. We also hypothesized that introducing factors that enable health care utilization and represent subjective and objective need for health care will decrease and increase, respectively, the differences between HIV positive persons with detectable and undetectable viral loads (Fig. 1) .
Methods

Participants
Between August 2005 and August 2006, 797 participants were recruited into the Los Angeles site of the Sexual Acquisition and Transmission of HIV-Cooperative Agreement Program (NIDA's SATH-CAP) using Respondent-Driven Sampling (RDS). RDS is a variant of chainreferral sampling used to reach hidden populations (Heckathorn et al. 1999; Heckathorn 2002) ; details of the recruitment method are described elsewhere (Heckathorn 2002) .
Twenty-five ''seeds'' who met core criteria were recruited via flyers posted at agencies, stores, social organizations, bars, sex clubs, and initiated the referral chains. Sixty-four percent of the 25 seeds were HIV seropositive. They were provided up to seven coupons to recruit individuals from their social network who met core criteria, and from their sexual network. Twenty-one waves were needed to populate the final sample which was comprised of individuals who met the following inclusion criteria: Age 18 years and older; resided in Los Angeles County; provided informed consent; identified as either an MSM and/or a DU (powder or crack cocaine, heroin, methamphetamine, or reported injection of any drug in the past 6 months); a current a sex partner of an MSM or DU in the study; or a sex partner of a sex partner in the study. There were 208 persons total who were HIV positive. Persons who had missing viral loads (4), were women (7) or had a reported race of other (6) were dropped from the analysis due to small cell size. Our final analysis was restricted to 193 men who were HIV infected and provided labs documenting viral load.
Procedures
All participants underwent a 1-hour audio computer-assisted self-interview (ACASI) that included questions about demographics (age, gender, education, race, ethnicity, employment, and housing status), medical care access and utilization, sexual practices, sexual partnerships, HIV-related risk behaviors, friendships, and social network. Biological data were collected upon completion of the ACASI and included an oral fluid sample tested for HIV antibodies (Oraquik, Orasure Technologies, Bethlehem, PA, USA) and blood specimens (10 ml each) to confirm HIV infection (Western Blot) and to assay HIV viral load (Los Angeles County Public Health Department laboratory). Participants received $50 for completing study requirements, and were given coupons to recruit individuals in their social and sexual networks into the study for which they received $20 per successful recruit. The Human Subjects Protection Committee of the University of California, Los Angeles provided oversight of all activities in this project.
Variables
Health status regarding HIV disease was measured by viral load using a qualitative cut-off of 400 copies per mL to classify detectable and undetectable cases (Kushel et al. 2006; Moss et al. 2004 ).
The following variables were included within the predisposing category: Age, number of years being HIV positive; gender, race/ethnicity; relationship status (single, married, separated or widowed); education (high school, some college, and above); employment status; self-report of homelessness (yes/no); self-report of symptoms using the Brief Symptom Index (Derogatis 2000) and substance abuse. Substance use was evaluated as any drug use in the past 30 days; self-reported use of methamphetamine, or cocaine (powder or crack), or heroin, in the previous 30 days.
Variables within the enabling category included health insurance (yes/no) and the type of insurance (health maintenance, private, public: Medicaid, Medicare, Social Security Insurance and Social Security Disability Insurance; Veteran Administration, Champus and other); income during previous 30-day period ($0-500; $501-1,000; [$1,000); number of physician visits for previous 12 months; current care by a HIV physician specialist.
The final category, perceived and objective need, included current use of HIV medications.
Statistic Analysis
The sample weights created for viral load, the outcome variable, were estimated using RDS Analysis Tool Version 5.6.0. (Heckathorn and Volz 2006) . A sensitivity test was conducted for the unweighted data and compared to the results from the weighted data. The point estimates, reported as odds ratios (ORs) in this study, from two sets of data were not significantly different to each other, and the 95% confidence intervals (CI) although the unweighted estimates tended to be smaller than the weighted estimates. Thus, the unweighted results are presented as they are more conservative than the weighted results.
Univariate analysis comparisons of all predisposing, enabling, and need variables by viral load status (\400 copies per ml or[400 copies per ml) were performed using analysis of variance (ANOVA) for continuous variables and Chi Square or Fisher's exact test for categorical variables. In order to test our hypotheses in accord with the Behavioral Model, we established three multivariate hierarchical models that entered the predisposing, enabling and need variables sequentially to predict the probability of detectable versus undetectable viral loads in our study population (OR, 95% CIs). These models have been explored for problems of multicollinearity and interactions among the variables in each model in the hierarchical sequence separately.
Results
Associations of Participant Characteristics on Detectable Viral Load
Approximately 55% percent (n = 107) of HIV-seropositive participants provided biological samples documenting undetectable viral loads. The predisposing variables showed that HIV-seropositive participants with detectable viral load were significantly more likely to consider themselves homeless [v 2 (1) = 12.2, p \ 0.001] than those who did not identify as homeless (see Table 1 ). Participants who reported use of one or more drugs in the past 30 days [v 2 (1) = 4.8, p \ 0.05], and specifically reported recent use of methamphetamine [v 2 (1) = 4.9, p \ 0.05) were more likely to have detectable viral loads than those who did not report recent drug use. Participants who considered themselves homeless were also more likely to report recent use of methamphetamine (63.3%) than those who did not consider themselves homeless (38.3%), an association that was strongly correlated (R = 0.248, p \ 0.01). Additionally, the association between recent reported methamphetamine use and detectable viral load is about 45% stronger than that of recent use of other drugs and viral load (see Table 2 ). The enabling variables demonstrated that participants who reported seeing a physician for HIV care were significantly less likely to have detectable viral loads [v 2 (1) = 6.8, p \ 0.01]. The need variables associated with viral load such that participants who reported taking their HIV medications were significantly less likely to have detectable viral loads [v 2 (1) = 44.0, p \ 0.001]. Table 2 presents the ORs for all independent variables in the full model based on logic regression. The first column presents the ORs not adjusted for any other independent variables and the next three columns present the multivariate logistic regression adjusting sequentially for the sets of variables included at each level of the hierarchy. In column 2, the predisposing variables were entered into the first multivariate logistic regression model. Supporting the main hypothesis, participants who) reported using drugs in the past 30 days were significantly more likely to have detectable than undetectable viral loads (see Table 2 ), though the effect of homeless dropped out of significance. The methamphetamine variable was not included in the multivariate models due to significant correlations with the any drug use and with the homelessness variables. Column 3 enters enabling variables after controlling for the predisposing variables. While the any recent drug use variable remained significant in predicting viral load, no significant predictors were found among the enabling variables. The final model seen in Column 4 enters the need variables and controls for the predisposing and enabling variables. In contrast to adjusted model 2, the variables of homelessness and recent drug use are weakened further, with only reported taking of HIV medications significantly correlating with viral load. Tests of mediation between these variables using a Sobel test confirmed that taking HIV medications (t = 2.46, p = 0.01) and being homeless (t = 2.05, p = 0.04) both significantly mediated associations between methamphetamine use and viral load. (Riley et al. 2005) and is also consistent with findings that persons who reported access to HIV specialists and adherence to antiretroviral medications were more likely to have better biological outcomes (Riley et al. 2005) . In contrast, participants who reported recent drug use were consistently less likely to have undetectable viral loads even when health care utilization enabling or need variables were introduced into the model. Only when the health behavior variable of taking medication for HIV was entered into the equation did the drug use variable weaken to a level just below that of statistical significance in predicting viral load. Mediation analysis showed significant correlations between homelessness and HIV medication taking when evaluating methamphetamine use in predicting viral load levels, indicating important associations between the three predictors and the criterion variable of viral load. Mediation analysis cannot imply direction between these predictors, but illustrates the strong and disorganizing associations introduced by using methamphetamine and by being homeless, alone and in combination, on viral load. The cooccurrence of homelessness and substance abuse among HIV-seropositive individuals has been shown to worsen health outcomes and increases medical care costs (Aidala et al. 2005; Kim et al. 2006) . Isolating independent contributions of methamphetamine use and homelessness on HIV disease progression in HIV-infected groups with significant economic and healthcare disparities is an important future research direction. Methamphetamine abuse has been identified as a negative predictor of antiretroviral adherence (Halkitis et al. 2005; Moss et al. 2004; Reback et al. 2003) and there are some suggestions that it may have direct immunological effects that could associate with poor biological outcomes (Gavrilin et al. 2002; Markowitz et al. 2005) .
Multivariate Analysis Results
These analyses have several limitations. First, our sample was recruited using respondent-driven sampling (RDS). While RDS has been proposed as a bias-free sampling methodology to access ''hidden'' populations, such as MSM and drug users (Rameriz-Valles et al. 2005) , its ability to produce representative samples is unclear (Martin et al. 2003) . Second, potential self-report bias may have led to an under-reporting of behaviors that are stigmatized or unpopular such as admitting recent drug use or non-adherence to HIV medication regimens. Third, the single biological outcome variable of viral load, while correlated with control of viral replication, is only one aspect of biological control of HIV disease overall. Use of CD4 counts, which is reflective of overall immune status, would undoubtedly broaden the assessment of biological status for these participants. Fourth, although individuals in the sample who reported taking HIV medications were *92% less likely to have detectable viral loads, we did not have a standardized measure of adherence. There are subpopulations of mutated viruses in which the virus is slow to replicate (Pastori et al. 2006) , therefore, persons infected with the delta CCR5 mutation would have lower viral loads, with or without taking medications. However, it is highly improbable that all 107 individuals would have this mutation and is more likely an indirect measure of adherence to medications. Despite these limitations, the Behavioral Model for Vulnerable Populations provided a useful framework in analyzing the association of health care utilization factors on viral load among HIV positive men recruited by RDS.
